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Presentation Objectives

e Review of Science Office activities

— 1992 to present (who we are, our charter, review of some key
accomplishments and activities, etc.)

— Quick look at Landsat archive quality -- then and now
— Efforts to develop “‘gap-fill”’ products

— Data quality assessment update will be provided in Brian
Markham’s talk next

e Summary

— we constitute NASA’s in-depth corporate memory for the past, present and
future Landsat Program
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LPSO Background
“Who We Are”

Science Office - Civil Servants

Dr. Darrel Williams
Landsat Project

Scientist
Dr. Jim lrons Dr. Steven Ungar
Deputy Project EO-1 Mission
Scientist/ LDCM Scientist
Study Scientist
Dr. Jeffrey Masek Dr. Tom Brakke
LDCM Deputy EO-1 Data
Study Scientist Acquisition Manager/
EDC Data Account Manager
[ |
Dr. John Barker Mr. Brian Markham Dr. Jeffrey Pedelty
Landsat Associate Landsat/LDCM LPSO Computing
Project Scientist Calibration Scientist Facility Manager
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The Landsat Mission

e The Landsat mission i1s to:

— Acquire well-calibrated, moderate resolution,
multispectral imagery affording systematic global
coverage of the Earth's land surfaces on a seasonal
basis and make the data readily available for large-
scale and long-term Earth system science and land
resource management
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Comparison of the spatial / areal coverage of Landsat
with other satellite systems

Landsat

ASTER,
SPOT

EO-1 ALI
QuickBird

IKONOS
OrbView-3
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Science Office Charter

e Ensure scientific integrity of Landsat mission

Data acquisition (Long Term Acquisition Plan or LTAP)
Continuity (L5, L7, EO-1, LDCM)

Characterization / Calibration

Documentation (articles, Data Users Handbook, etc.)

Education / Public Outreach (visualizations, presentations,
curricula development, etc.)

e Mission support (per NASA / USGS MOU)

Anomaly resolution [e.g., Scan Line Corrector (SLC) malfunction]

Sensor performance evaluation for Performance Evaluation Board
(PEB) / fee determination

— Image Assessment System (IAS) scientific oversight
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=56 Key LPSO Accomplishments

(not it priority order)
* Conceived the idea of the Image Assessment System (IAS); then oversaw its
development
e (Catalyst behind development of a Long Term Acquisition Plan (LTAP)
— established 250 scenes per day benchmark; global seasonal refresh
e Conceived the idea of formation flying with Terra (along with Piers Sellers)
e Conceived the idea of underflying Landsat S with Landsat 7
* Fought to get Level 1 processing back into the program
e Helped sell idea of EO-1 ALI as a needed technical risk reduction pathfinder
* Wrote EOS-1/LandsatNext concept paper leading to LDCM (Landsat Data

Continuity Mission)
e Designed/drove pre- & post-launch calibration procedures, making the ETM+
the “best of the best”

e Fought for placement of X-band antenna at EDC, ensuring direct downlink of
lower 48 states

e Initiated educational / outreach activities (video’s, web page’s, curricula
development, training)

* Found funds ($750K) needed for salvage of MSS wide band video archive

(30,000* scenes)
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Continuing LPSO Objectives / Tasks

e Help the USGS EDC operate the Landsat 7 system in a manner that
fully supports the Earth Science Enterprise.

- continue to provide the EDC with scientific support and technical advice
- serve on the EDC Configuration Control Boards (CCB’s)

- serve as a resource for data and system anomaly resolution and trouble
shooting

e Characterize, validate and document ETM+ on-orbit performance and
data quality.
- publish results in refereed journals and present results at symposia

- continue to maintain a website providing real-time public access to results and
test data

- these data are used for Performance Evaluation Board award fee
determination

e Develop, code, test and validate improved calibration algorithms and
Level 1 data processing algorithms.

e Participate in vicarious calibration experiments with other EOS
Instrument Teams for cross-calibration of multi-platform instruments.
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~ 63,500 *‘hits” as
of March 11, or
~ 30 hits per day.

TROUND CHBEIT & DATA
PROGRAM SATELLITE —— . coveRAGE | proseATIES | AmmeacTs
ISTRUMENT | cALIBRATON LEVEL 1 DATA PRODUCT e
CALIBRATION | PARAMETER FILE | PROCESSING | PRODUCTS | ORDERING | PERF
STE MAP HANDBOOK
aprenpices | MEatod HOME
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processing lechnigues requined 1o render the Landsat 7 dota oo a scientifically wseful form. Special ermpliasis has
been placed on peridically refreshing the global data archive, maintining an sccurate instrument coalibration,
providing data at ressonable prices, and creating a public domain level one processing system that creates high level
products of superior quality.

The Landsai-7 Science Dinta User's Handbook is a living document prepased by the Landsat Project Science (Oifice
al MASA's Goddard Space Flight Center i Greenbell, Maryland. Its purpose is o provide a basic understanding of
thie joimt NASAUSGS Landsa T program amd fo sorve as a comprehensive resource for the Landsat 7 spacecruft, i
pavioad. the ground progessing gystem, and methodologies for rendenng Landsat 7 datn mbo o form susshle for
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=55 Landsat 4/5 Coverage
(1986 & 1996, J. Faundeen, NSLRSDA)

1986 - Landsat4 & 5 TM 1996 Landsat 4 & 5 TM

Lowest Available Cloud_Cover Lowest Available Cloud_Cover
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Concept of 20 years of TM global coverage is a myth!
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Landsat-7 First-Year Coverage
(with LTAP)
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=% £TM+ Data Archived at EDC o

| Launch rfi;fough Sept. 30, &QOB: > 342,000 scenes

ol il
REEY Sl o
L >

Daytime, full, SLC-ON, scenes archived at EDGC
29 June 1999 through 30 September 2003

-z -2 | 28- 44 [ 45- 69 I 70- 91
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Purchases per Path/Row from USGS Archlve
from 6/29/99 to 12/31/03 > 59,300 scenes

SLC-0M r;'ugnue scenas sold by EDC
29 June 1999 through 31 December 2003 EDC Sold — Launch To 12/31/03 = 59,301

- KBl EBE (19-38 0 3764 [ 55 1
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The Landsat-7 Benchmark

e Landsat 7 has established an important benchmark
for its successor mission with respect to:

— Sensor and system performance, characterization, and
calibration

On-orbit characterization and calibration over mission life

— Mission operations and data acquisition
Archive-driven, systematic, substantially cloud-free, global coverage
on seasonal basis
— Data archival and data product distribution
- USGS archive provides non-discriminatory access

- Data products are available in consistent formats on consistent
media

- Secondary distribution is unrestricted
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S Actions Being Taken

e We have teamed with USGS EDC to develop, test and
implement algorithms that will provide useful ETM+ image
products from data acquired after the SLC failure.

 The team has focused on two types of gap-fill products: in
Phase 1, we fill in the missing data by using a normal scene
acquired about one year prior to the impaired scene, and in
Phase 2, we will use multiple SLC-off scenes acquired 16 — 32
days before and/or after a particular scene of interest in order
to fill in the gaps of missing data.

e Phase 1 products are targeted for release by June 1, 2004, while
Phase 2 products are targeted for release in early 2005.
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Recent Progress

 Reviewed ~45 journal articles on image normalization
techniques.

e Four methods selected for further prototyping at GSFC...

- CCRS Iterative Normalization (Du et al., 2001, 2002)

- Hall et al. (1991) Radiometric Rectification

- Regression Trees
- EDC Local Histogram Matching algorithm

 End product will be a complete, gap-filled composite image
very similar in characteristics to 8-day MODIS or AVHRR
cloud-free composite products
- creation of a cloud-free annual growing season composite
image is a very realistic goal.
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Histogram Matching

L1Gs L1Gs
SLC-Off Anniversary
Scene Scene
/" L1Gs /

Exclude Data ------ 7' /

v

Create Histograms

v

Histogram
Matching

Composite
Scene
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Lake Tahoe: Region 1 (‘“‘Easy case”)

Forest and clearcuts

Image 1: 6/19/01
Image 2: 7/21/01

No attempt here to
seamlessly blend data -
- direct DN filling was
applied.

See enhanced examples
on next page.
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Differences
in magenta
color
balance is
not due to
algorithm;

the prototypes
were imple-
mented in
different
image
processing
packages and
the outputs
were not
normalized
for this
presentation

'I__J_in'ear Hist 17

Eb4=3.10
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Lake Tahoe: Region 3 (“‘Hard case”)

{
|
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u
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Mixed agriculture
and urban

o

Image 1: 6/19/01
Image 2: 7/21/01
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Concluding Thoughts

The Landsat-7 ETM+ system continues to produce high quality data of the
Earth’s land areas. To fulfill the expectations of the user community for
full coverage single scenes, data from multiple acquisitions will be merged
to resolve the SLC-off data gaps. The one system factor that most seriously
suffers from the Landsat-7 SLC loss is the apparent reduction in temporal
repeat coverage as it now takes two or more acquisitions to produce one
complete view. For many users this loss of temporal repeat coverage may
not be noticeable because their needs are generally met by one clear view
per season. However, for users such as agricultural analysts, this loss of
temporal coverage is a serious problem, that can only be addressed in the
short run with Landsat-5 as long as it lasts. The only really effective
longer-term answer for all users is the implementation of a robust Landsat-
type Earth observation program that would include the launch of a new
Landsat-type observatory as soon as possible.
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